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Course Outcomes:

cO Statements Blooms
J Level
CO1 |Understand the concepts of diode clipping and clamping circuits, different L2
amplifier configurations, operation of oscillator circuits, operational amplifiers,
timers, ADC and DAC
CO2 |Apply the above concepts for different circuit design L3
CO3 |Analyze various circuit characteristics by using Amplifiers, Transistors, L4
Comparators, Wave form generators, ADC and DAC
CO4 |Analyze various circuit characteristics by using timers, Phase locked loops and L4
operational amplifiers
COS5 |Evaluate different system configurations by using varjous amplifier, transistor and L5
waveform generators -
UNIT 1

Diode clipping and clamping circuits: Diode clippers, clipping at two independent levels, Transfer
characteristics of clippers, clamping circuit operation.

DC biasing of BJTs: Load lines, Operating Point, Bias Stability, Collec.tor-to:Bazfe Bi?s,
Qelf-Bias, Stabilization against Variations in Vee and for the Self-Bias Circuit, Bias
Compensation, Thermal Runaway, Thermal Stability.

Small is of a Transistor Amplifier Circuit using h-

i deling of BJIT: Analysis ol 2  osing -
Smatlzetsgina;?mﬁ?ﬁcd (%E Hybrid Model, Analysis of CE{_ tg‘t’:(r:s CB Configuration
I:;?meimz;te Model, Frequency Response of CE and CC amplili€rs.

t, General
i . lifiers, the Feedback Concept,
.. Classification of AmP : back upon Output
Feedback {kmptl_lgersative-Fec dback Amplifiers, Effect of Nega;w;ezce;g:c ; Cugrent-Shunt
Chgl' Elltiter’:sgcs '2tan:egs Voltage-Series Feedback, Current-Serie :
an put Resi ’

Feedback, Voltage-Shunt Feedback.

— z . operation, R-C phﬂse
UNELLE Barkh en Criterion of oscillation, Oscillator 0p
Oscillator Circuits: bar ause

: _C Oscillators.
shift oscillator, Wien bridge Oscillator, L C

* l

ion of Typica! |
Amplifier, Block Diagram Rep:‘es.csrgit:;lm;l op-amp & it foatures.
y harac er ’
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M;) W wﬁ/
e = Hamﬁna 4l .
BT gt KBTS et (i,
C
\



HM 23 Regulations AITS

AITS

UNIT IV
OP-AMPS Applications: Introducti i :
Amplifier, AC Amplifier, V lon, Basic Op-Amp Applications,

; to I and I to V Conv {"Stl'llmentnlion
Antilog Amplifier, Differentiator, integrator erter, Sample and Hold Circuit, Log and
Comparators and Waveform Generator ' i

: s: 1
Triangular Wave Generator, Sine Wave Generators.mrnduch"“’ Comparator, Square Wave Generator,
UNIT V

'Emi:is and Ph-ase Locked I{OUF‘I: Introduction to 555 timer, functional diagram, Monostable and
sta ‘cjopcrafion.s_and applications, Schmitt Trigger, PLL block schematic principles and
description of individual blocks, 565 PLL, Applications of VCO (566). ‘ P
Digital To 'Analog And Analog To Digital Converters: Introduction, basic DAC techniques
weighted resistor DAC, R-2R ladder DAC, inverted R-2R DAC, A-D Converters )

—parallel Comparator type ADC, counter type ADC, successive approximation ADC and
slope ADC, DAC and ADC Specifications. & anc. o

Texthooks:
1. Electronic Devices and Circuits- J. Millman, C.Halkias, Tata Mc-Graw Hill, 2Edition,
2010.

2. Linear Integrated Circuits — D. Roy Choudhury, New Age International (p) Ltd, 2™
Edition, 2003.

Reference Books:

1. Electronic Devices and Circuit Theory — Robert L.Boylestad and Lowis Nashelsky,Pearson
Edition, 2021.

2. Electronic Devices and Circuits—-G.K. Mithal, Khanna Publisher, 23™ Edition, 2017.

3. Electronic Devices and Circuits — David Bell, Oxford, 5"Edition, 2008. . .

4. Electronic Principles-Malvino, Albert Paul, and David J. Bates, McGraw-Hill/HigherEducation,
2007. o -

5. Operational Amplifiers and Linear Integrated Circuits— Gayakwad R.A, Prentice Ha

India, 2002, ay |
6. Operational Amplifiers and Linear Integrated Circuits —Sanjay Sharma, Kataria &

Sons, 2™ Edition, 2010. o —
7. Design of Analog CMOS Integrated Circuls - Behzad Razavi

Web Resources:
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The $reamenty of osdllabiors 14 deterimined by the SCauey
demmenk R, ¢, omd Pasaltey elomenbs Ry €, oF e  bTidpe amd it yy

PO L e
¢ ¥ RS R,

- o e the (= 1
1 R=R:R and € =GFC T bo

IS
7 2npc
e br;ciae A said b ke balonced i Ry | .
e o HlT—.—"'—" = P.‘-,_!._
QL( Jwe, - €,
; Il I Rl“:‘(
> Ro= Ry _%Jé Wy
P\Lt : I
k‘d R,
E_CT/RL‘_:L
¢
"—“‘—) ._‘:2_3_ = Jwdy . ~J LR.L';?__
4 Ro e, Gty
= R, - WG : ‘ ) Ry
Kz - RE. =~ - J Ry —4J 120
(= e C ey e
Py 2y Wty we, z

,—Rl—{ "'Ti_;. C,JQ‘C CL (N | __C;
T
B 1 + Gl Beh
= Rz = dwe (RIRL' wte, & R, & S
,211 Ra

!% R.\&, -~ ="
- =0 Fc C
E’_J__C_'i’.'_ Ry c}c,C,,) e
Rg. - i e
=) R\chtc




Tre Yoo O Ka amd R(1 Showld ke cf‘-wfm tham 2 B Provide

o Sufpient Spin P fre cocuuk to Prouide fre desired {’W‘f_u-”‘@] k5
oS | Lal-am .

Gain of The  BIT ampy Hen wed in Wien lm‘dsr ostllotd)
AAMUNL R‘:RQ':R and C]‘:C,L:'C v Them ‘fe,ﬂxl Lo Ue_

prom fﬂ“‘aw@ Vﬂe(g)f Vn“)@

(Rl&) T R
‘éLr. R > V (s) R ‘é‘é
\!Qtﬁl._. WVP_T Ve(s) V(9 Ret 4
| N L
RE T R yre g,
_ N
2
= - V'J{‘ ¢ = B - _R
VuQS) _'_&90_*\_' ract !
R+ Ri pseafsirsartsal
BieRA (RS #1) s
B < W) o Rse
v, () Ristely 2Rsc )
tue kmowy thak ﬁF'—l =) A:JF— W
RSC
= A= RsCct3+ -
RSC
Supih buk S= Jjuw= 4§
’Y\?/ Re

=) &2 R:JTKE)( TBT;%‘JC

b= Jaied
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> 4 osdllohong & & 0Ctuned in a u,&'ngy,qf}e 08¢ lle81 -

\re ,A7/3|
?mblﬁ“ﬂ T 4o When b’ndfae ocillody 7t the Vadueop R iA look_{L

frequemty of ascillabion A okl find  The Velue op C@pauidrC

Sa) fFor  yen B‘ﬂcl‘g]t’ oSillatN  the freavemey Of oScllaen 14
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{ﬂn‘krod_{;t";gn o L T : T

ﬂntearated Crcuwts (10) Play a very woportont port
€ lectvonca-

Most of the TC's specially made for a Spe‘mblc tork
and contars upto thousands & Tronsistors , Rwodes & Reststors.

special purpose T8 such 08 Audio amnplijjiens , EM

radws , logie blocks , vequlatovs arnd even a whople micro
: ey the fovm a miero cowtroller can e fitted
coroputer N b dU b |

ratde a tiny packoqe - e |

Some. Qf sxmple_ inteqrated currcuits are shown tn |
below j‘.\CJuYES‘ .

Vi RS 13 3y

| Bependwing  on the oy ofy Wﬂr\w‘soc’cuv\ha m’tcgrated
ctrewts can be dinided wito two groups -

(- Hybvid

A. Momnphthie

| Hybnd :

Hybnd Cordlonns  ™Move than one layev.

Morno \tthie 2
At covtary  oply one layer .

Most o the teqrated circuuts are i DIL (Rual

R S - i - — = = = == |




— - b
W line) packoge: This means thot there ave 1Wwo rows o

PR .

The device w Wew fyorm -he dop and the pins

are nurmbered tn an anticlockwice dwection.

‘ {—nqh POwWe ¥ T cony Qenerc\te more heat amd "th?lj

hove metal tcua that can ke Connected to a heak sk

| to dtsspode the bheal . n
: _.M:L“"‘

2T si0% O %\ |
; O ( HTEE v L
|

K S5 FENEERT
'\ 2 234 5 6 F 3
ic'2 capn be duwnded o two further Q¥ OUp% -

\- P\r\cdoq

R. Quqital
“A“Q‘C’-'j Tcls &
Aralog IC% © \rezbe_ved 4o G O output voltage g a

Wneay Clrcutt % continoug  andl - foliouss charqa;; any wpat -

€x: ~-Pucio —Prrr\P\‘hlef

nhen signal fromn a microphone  ® connected to e
wpUt |, the output wall vavmd  the Same way ax the voltoge

-frore mmrop\'\one. |
| @xqtta\ b (ad TG |
| it & Tefered to oy @ outpul wvoltage 2 not cor\{mm,s.:

|I 1t g either low o7 thJh- and 1t C\'\awje_d {ronn O0e stale g

| olney vevy qch\tj.

I
1
1




The 5ijbd o an IC 1 commonly
Lov) DPeratht*o} cmp\lb\ﬂ"-

I Nec
‘tﬂchk‘nw .
P >

3~

Wed 04 o ampht\er

o/p

.2 -

—Ycc

B jyperential amplifict K an device which 8 uged to
| t SqQrals + 1t has 4
ornpliyies the dlkt?jQ-“:—ﬁ of two npu qnal 4

C.oﬁb tguvcrtlw .

reual ilp | balarced olp Oerential Amplipler
" a Bual tlp ,UﬁbO\‘OV‘CﬂO‘ Dlp Qil’ﬁeiqn't{al _AmPltb'leT

3- &rﬂle ”P» balarnced 0[\‘-) .le'b-&r“.er\—t!ol %mphﬁler

A Slf“jl-e P . unbalarced o p QtﬁbemrﬁMf Amph-bte_v
T-\'\jco

- Vee
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x Basie Injormation of Op-Anp =

OP- -Amp B o oj:em'honal Amplifrer . Op-Amp # an
integyated cirewt that operotes as a voltage amplifter . An
Op- amp has a olnbbe'f@_'rﬂ:lal mpu‘t' The Syrbo ! fov an op-amp |

alorxJ with 18 various Leyminals & shown n below —fr'a. |
et Vee |

ipvey 1) {t““‘m‘
e 1'

—

OP_,P\M{’ e —\ O’P termmﬂ‘

nipn-rvert e i
_ie ¥ r‘f\\ (\D\

—Vee

-[.t] > ngbol l_q an OF—AW\P

The Op-amp 8 indicated by a triongle with points |
the dwection ¢f the sqncd Hlow:
= Op - orop hags o nputs Qj‘ oppost\'e polarities ond bt hog S"‘qle
olp ard bhos 2 power supphes. |
—+ These aroplijiers are called Opevation Amplifrers  becawse
‘i'he-.d voere \m’cwd\tj destﬂhed os on efkective device for

Performmng  anthyetic operations (4,-,%,7) 1 on anodoq .;
Cirewt .
- Almost all the op-arap have atleast & Aevminals

. The positive supply votlage -terminal  +4Vee
b. NecJut\ve. supply vottage tevmumal — Vee
€. Output terrminal

'in\aew’cmcj put  terminal ()

€. Non- mvew{m(] input termanal (+) -

S — i




—> T}'\EZ i\P ot lhve_’it\l'\q "IEYW\\\'\&‘ 1% P()Slt\\:e Uo\‘-_aq% the
op W® -Ve voftage ard wice vevsa-

= kohile the ip at hon—lhvex’(lna texraimal Yesults 15 the
sae polarity output signal at the ofp terminal - Thiz u
drown  mn below £19;

Vi Vo
)'\
—> ¢ /\
| \/ &
| = GNO
,' A& -Vee
'i}a: ?nriu'( 14 OPPIH?A 1o 1he 'r'\'(-‘)'f!rr} H4evrainal
Vi + Ve

i p . Ve

.
B S =1
P —————
t \/ i
- -+
-

.',— v,r‘{

L in o
& weul w applieal o the Nog- \Y‘-\Je‘n'llﬂ'ﬁ 1exy ryiinal

= Tt\e: DP—cxmp Works on dual pPowexy S’UPPl‘j'

= The dual powe Supplxj 2 qehera\hd balacced te-, the

\’0\10!3? of the +tve .SUPP\Ld 4 Vee and - \e supplkd -Veg a%e \n
Sarne waqnitude - The *HP\CC\“LJ
Qre + 17vy.

used power &)pp\\d voltages

> Rut b the o uol’mqe mcxjmtudeg are not equal N a dual

SUPPlY L 14 called o8 Unbalonced powen Supply-
> But olmost we use the balanced dual pPowesn ';‘UPF’“'d

for Op-amp 1n prqct\Codl(d,




—

x PBlock © lagram

O_:[ Dp- A—mf) >~

‘m«’}m a{
_lﬂ——> .:N\Pv.‘t > Tﬂ\i-c-rM: = _W > Ouk pul-
w __‘?‘

.- P T - . .

e “eu Dual e Bual “e o e Cé*\h?\emrﬂ\a“f

i hn\ﬁf’\c:‘ d QJP U“lﬁokorr\c-:& C:JP %l\gng\ En{vwc\.(\i C\ﬂﬁ'&@
: [ Bt :—rcqr,ﬂlpa\ () #?e{c-{‘\uol Ud\\()\ C\J\“ﬁ"(’\"‘\k Mpl\‘ ?\::ﬂ

A\, e“::q amell ?:g-:\ S ouvte

The {19 shows the blocks diaqram of Op- owp -4t consist |
Yoy caccaded Blocka . s
a- dnput staqe

b. Intermechate stage

C. Level s\mbtev

d. Dutput %—Lc\cie.

B ﬂnpu‘t 5{mcae =

The ewtput nput stage vequues high ilp wapederce |
wree 2 ip terminalx

i“to avold ‘Dﬁd“‘la on the sources. L req
- & also it requires low o|p impedence .
ﬁ;-—)- All such requirerments ave achieved by using dual ip |
[ Polonced  ofp dipevertial omplijler at the ip S{Q,;&@. i
!‘”’ Thig stagqe provides most of the \oltage qain o the :
amplifier & also establicher the ilp vesistance g -the ampljter

|

!r 8. Jntermechote Stoge :- i

The o|p o the flp staqe drivee the next stage
- which 1 an infevxmediale stage . This ¢ another difpevervtial
Camplifier wrth dual ijp unbalonced olp e angle
| eénded O|p- |




—* The overall cacun &h \'en'uneme_nl- o the Op-amp w \ten‘l
hlcah-

— An roost oy 1he aroplijler on wtevrrediole stage w o
dual ip unbalanced olp dtbb@r@n{ lal arnplifjter . Thas st'm]g

| wncreases  voltoge qain ey the Qmpht;ter.

5. Level ah\b’cmca staqe :-

| The level shiting staqe ©® used ajter the tnter-
mediate stage to dhijt the de level ot the olp o the

| tntevenechiate Sl:acJe downuwand o Zero volts wrt qv;ound-

=% dleye Couphnci capo.crtbvﬂ. are not used o Couple 'the
cumphbxem N {he tntey mediate state « 1Oc bnmma uo\iatae le‘"‘!\
pvopacQOcLeg "thmucah the armplijer - PBue 1o the a sigm b‘cmﬂ
de level appearz ol the olp along mith ac olp.

— Rue +p this e_bhect olp aetg dwstor ted g lirmits the

rmoxirum  ofp voltaqe - Thie 1 shown n below {19

Vot )
T }- Cod uyation
de
Dltﬂ“' /\
gy ¥4
d‘/
) o .
At I U \:0
A‘ . "-‘ ) [ g \l",“ ¢
- \ / P e

-E'-_“a: Oictonted olp dus to Addibional level,

= So the Taun purpose eh the level s\'\\t\mcd S’cacae v to
shijt the olp '§' pont de level tdwasds the qround with
L . A




—

level

£q v

Proo -

PO C\r\(lr\c}e N the oc &qhal-
- Thu ol Saticfres that the olp dhould bhave €ual voltaqe

Qf ov {ov o p siqnal.

te How -to vory ofp viq b‘d qQwrg ilp

4 Ve

\l;

=G D

-APPl\ltr\q. kvl %O the tip sde

\“'VGS‘ Vo =0

L\fa = Nip - Vag

By Nogirg g L the olp 1 decreasing -

Let us ossume -thot
Vi=%\v , Vg5 = Vg =0V
\lo R \Ii '—VG(S

= 5-0:1

(o e ]




l -Applx_ltﬁ(:" kvt to the ¢ ucacwit

Ni - UEE - TR A RY)

TR 4Ry = \i-Vag

\i =VNae

T =
‘ Ry 4+R,
| Vo Vi - Vee
| _—— -
€ Ry 4 Ry ;
Vi -V
\JD - ‘ %E Y'.Q;
E\“K p)
prooy - let Uue Oscuvyne :
\,0' = S0 X 4
104 Yy
{
| i {
i . 1349 ‘ |
| W |
|

Vo= ®122 Yo ¥ r
k- Dutput Staqe «
The last stoqe v a comphmen'tmg Class B P“S"‘P“”
1 O\mph-bler- The baste wec}uvremen'lfs ?{ an olp g{aqe atve low Ofp
tmpedence .
L towqe o|lp voltage
& lavqe o©p cuvrent
3 low Olp wmpedence

ke low powen clissipation
5. Seovt Clrewk Pmtechorm |

a
i A pushpull arnplifjler  saticjier the aloove trequirenents l
& hence correonly Lied I the o|p stage of an Op -amp.
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*PGC\‘\O'C]?% oard Pwmouls -
The Op —omp  ® -bobnc.dted on a\rev'.d amall sthicon
C"“P ond 4 package N 0 sulckble case.

The Op-amp & generoliﬁ availlable w2 Fﬂc'mqez"

- pMetal can
2. DIp (Quat n Line pachac]e)

= Metal cors are awilable with 8,10 or 12 PN
> Dlp packaget are having g (o1) 14 prns -
- DIp packngg 18 most w:dehf uged




{19 + teton Can Packaqe

S s, A it

e
E 9 e

W F 3] ne S| o
1N seel = ;g
_l'—q:_ '-"“J“E
e
op- m«}‘L‘_. ety [
-+ G
E [_—\/‘ | in‘"‘ﬂ“\’«g
| b
E —Vee S dsﬁ E.— “Vee J
r-e’U‘" ?"‘LE o N
: L R G A L J"’-’J" u-pwy BIF packaqe

Tre obove iq- shows on deal op-omp It hos two {jp
sgnals V) gV, appled to mon-invertng  and wnverting terminals
vespectwel 4

‘l-‘\e Op-amp c\meﬁ.eg the dijfyererce blw the voltages
opplied at the non*mvert\nc] ip & mvertmc] ip -




= Vi ¥ the voltage applied at the non-inverting  terminal

and U w the voltage applied ot the inverting tevminal. The
|Dhbbt’-ver*w€ between the 2 voltages (Vi-Va) can be acts cg an

!mput 10 the op-OMB - 4t w denoted by Ng-

‘ e :

> 3f dhe qun of the op-amp & ', then

\put
-~ N4

[Tm.\t - AX\_‘KS‘J

l—%f The olove é_xpmsyon says that the olp voltoge ® dn—ec'cuj

Proportional -to the algebrie dijfeverce blw the 2 i|p voltages.

1—~> Hence the op - amp Qﬁ'pl{b1eg the diffeverce blw he ° yp
voltaqe%

|
' A 1deal Op-OMp drouws no Cuvyent at the ip terminals e,

j_'!fl =1, =0 - Hence its (P wopedence ® mbm\h,) (i =00). Th

|

| Mcoms  that any source can drve 1t § there ® No loading

| Ctbect on the driverr staqe -

| = The gan o on ideal Op-arp ® injety  nence dhe diffeental

.‘|P Va = W=\, ¥ C&&emiqutd *evo  for 1he bu\dmca p uoltage
| Vout .
' = The olp vollege Vout ¥ (rdeperdent ob curvent crawn

|

i

"trom the ojp termibals -thus ds op rmpedehce B Xero.
3*—) Hence output con Arive onN Injunte ) olhey cucuds.
!




*Chmac’rﬁwstmf ﬁf on ﬂd(‘al Op /Vnp o
B _ﬂr\bmrlc—v input  Resistance :

M » denoted bg R andd 1 i rntmn’[e jor an ideal op-
arop - This ensures that no current can flow nto an ideal
Sp=ah g

a. Anpnte \oktage Gaw

A w denoted by Ao (08) A. 4t © inpintte for an ‘dml.
Op- oMp
3. Revo olp (mpederce : |

At » dencted bd e « % % mtm\te bor an \deal Op- a}vw(j.

K devp obbw’t \Eol‘mt’]P :

The presence ¢ the creall olp uoxt@ae v,z =0 W» called
ar on gfset voltage - 4 8 Fevo for an ideal oOp-omp-
=Y _/‘mbt\“\tie Bord width :

The band width o an deal op-amp u mb\mie. s
meons that the operating bT&CLUE[‘\CLd range ¥ fron O tp o9 -
s ensures thot the gan of the OP - GMp  ferauns constant
| over the "areq'uen(q mrvae ﬁrom de to tnfirite ~6l€’—qul’ﬂ£tj-7f'€¥€bme
L an op-amp  can amphw dc ac well as ac¢ sigpals .

| 6. ’1ht1ﬁ|t_(j CIORR 2
M 1z deﬁmed az the ratio o dtbberenﬂmr gawn and commoen

l
[mode gan -4t i infinde for an rdeal Op-amp -

| (errr = A

|

|

| - SIPLU &TE e

} Mo defined as -he maxmum nle q c‘har\?e g{ olp
voltage with respecl o time - dt 8 infimite for an  tdeal cpamp

i



(At 15 denpted b(_d Vg

TEE

:* Practical Op- Amp -

The c‘.hcxvactemstlc's o an 1deal Oop - amp C‘cm'be QppYoX! -

mated Clos.elgi cﬂoxxjh » or mamd P'\rac{tca( op- amp
chotiitevickics owe Uitle bt dl-bb?\fe.h't. than the weal

Op ~amp  chavac tevistics -

i 'jnput Rests tance

At 1 denptecl b'd Ri- M has [a-r(je value tn praclical ?P'f""’P'i

‘_{I"E' ‘f‘lipl{al valu e q DP--QMP B amLL .

2, 1) Locxf) Gan :
4 1 the voltage gan o an op-amp when no feedback

12 apphed ,Pmcitcafhj 18 lm-cje,-

3. output _’eradc:ncp :

Al 1 denoted ba R - 4t has very small value . The *fyplcal

value oy olp resistonce 1B Jew ohre  t-e., 2 or 2.0 €etc.

.' 4. Bord midth &
| The band width o a praciical Op-amp t» Very emall but |
tf we aPPhﬂ -Ve feedback it can ke tncreased to a desived
value . ;

* Virtual Grourd &

A dAbe situction n which the nver hm& nput o |

On op-amp ®w ot qround Pcﬂenﬂo! eNen ‘fhou,lﬂh it 1 not
¢ ohnec ted dwcctle 1D 370(_,“-\01. i

i
|

Assumirg  that the op-amp 1 (deal and £ 1 producmﬂ

| Sorne 1"’“‘? elp- Then 1he open leop gawn wotll be \thrf‘e, J



Ry
MN, Ji \
: - |op-Ame - Ofp
p 1 JL /
Ul.[ 5

1
= aip > vivtal (onactiion

GO —

'Jr.'ﬂ « Bactical  Anver hn? O[J AW‘P

For an op - AP we rnow that

\
T |
Vg SO
. vd = \‘1"\'2
 VNowt
NE G,
\"_\rz - \out
A
| \'[-\J'J = \!D\.{t ;_-_“9 0
I oG
\,l'\jl ="

| — From obove eq & 1 observes that the Psl&sh(ﬁt petential

chjperence blw 2 terranols & Rev0: We can say that W tual

chort Curewt exute blw the 2 {fp tevmnals.

e ured to clear that o kuc\lkd Wwe.

i,--')- teve .the word iy tual
ate not <hortt the p -leyminols -
=+ A uviual chort circutt meom thot whot ever Colage &

ot non- thverting terminal , 1t will automaically appear

- e —————— -

ot the wwverting term_n_ngl.

R ]



bt |

> Here v B Vi =0 ; 50.we have Vs =0 ‘rlhetejove poic’n’ucxl—}i

W W called vwvtual Cdround-i

ot ur\uerhnﬂ teviminal 1w terp and
round mheom that the Aeveinal ® not ¢ onnec ket
actuo‘lltd even then the \Io‘ttlcae ot the termiral

— \/irtual

|

1o the caroumd i
R %€vD. i
j}.m‘;@,a-{me Rcmr]c’v, 82— 1
There are = different ‘temperc:r’ture cdrodez boged on
which the op-omp Tcx are clagsifled - These temperatuve
YCM"\L]C& are 5 r

- Mxlt{a\rtd TeW\,Pemture Teawae 3 -BR¢c 4p 4+ 1an’c oY) =Rc 10
+8%°¢c .

R. Industnal Terperature Range : -ao'c to +8bc lor) - 40°C
1o +8mc - |
2. Commerical Temperiture Rﬂ\ﬁqe 2 B to Ho'e lov) De
‘0 +3R% .
ol ¢ haracteristics &~
e hove tour drbberer\"[ pe chovactevistics They are s

& rput blas current.
& input ophset cu rent -
3. !npul’ ) cet voltage -
k. Thermal l%nht .

BEE Input Brac curtent - |
|

The avevadge volue Sy & currervis .b\o\,omcd Wnip the Op -Omp
mput terminals 18 called npul buas curvents . At 1 denoted |
bld Tg + Thie & shown N below §q-

noe s
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op- -AMP VO

‘J!O__.:__..+
._?-_!b.l ! » I

'I'fj' th‘:u,t b cuvientis

mﬂthcwv:\‘ttcolltd, it B expreszed o8

o 'Ibi‘*‘ Xiny |
lR = i

= ﬂdealhd it should be evo, pmcucalhd it should ke Jg aoonﬂ
= Corwidex basm rn\'erttnc& arplijrer 0% dhown N -f*ﬁ (&)

Ry

op ~ Ve

o
.

{“] ﬁr\\ji\\md If\”"“{"\ib'ff‘ wmifh blag Curvenia

= A i|p voitage Vi saud o zero volts , the OIP vottage No

<hould also e %ero volt-

— olp \IOH‘.Q‘:}Q Vs &R CJWCI‘\ that \—w‘

s for o op-amp have 1M feedback vestistor

Vo = 800 nA xiMa

[V senvav ] |

| - The olp # driven to 20owmv with Zevo {lp becauge o ‘(he:

|
blas currents . [
> An applicationt whewe Sgnal level are meoasured n My, I



! e ®w totally ac unocceptable -

— Tows efjject con be cmnmted bd a compentalion rest
\f%m?] oo been odded betuxen —the now-mvewtmﬁ ter rminol

C9round M ® chown 1 kelow .ila
. i

WA

— e
- Ny %
\Ili

)

Wil Ty,

ston |
and

oy
- L
b

%= Reomp

-+

of AmP
/

= GND
— Wheve cuyrenyt T, -B\ou.)\ng -“thyou

(Beomp] and V, voOltage dyop QCYOE 1

AppiYying

—V + bV + Uy = Vo

Kyl ,ue QW
=20

\p = \11-\1, — 1)

\r’_ :\j‘
i

' Vi g olp wll be *evo

'~ The valwe o Reomp g devived OF
N

Reomp
| = The node ‘o 1 the Volt@ge M

by —r(R)

| By selecting propey value 0 Rcomp

qh e cmmoctnr:a yests tor
t %
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UNIT IV
OP-AMPS APPLICATIONS

Basic Op-amp Applications

Summving  AmMpl jler
Op-0mp ™Moy be Wed to design -the ciremt whose o{p 18

4he sumn of several i|p signal. such a cirewt W called
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| = A -ypicol  summIng aropliper unth 3 1P voltages VioVa, V3

€ thwee TP resietove R, R, Ry € One Jfeedbock resistor R shown

n Qo £9:

e "ot ya-0) becavie -the non-
- TThe vdioge ot node & K IO (va=0)

-= muei-tlnﬂ terroanal 8 ﬁﬂund'td- |

| The nodal equ Ot node' o' . gwen =8

Wirg |, Ve 1 Nz-Vo _ Va-Vo
H] EJ Ea E-{
| ‘I-'[ N3 '\f!_'l',, .,_.'\!u




el Bi=Ry= By :EE'
"UD = -—'[\J\'ﬁ:u_ﬁ_‘ll.' Ug]

where —ve S0 indicetes that phase dygperence blw ilp & olp.

So b w eollud oy wwerting  summing ol Hier -

B ton- Anverting  Suwapn Q——?mphttﬁ 2

W l
1-!‘-‘ ° Na. =
A —0
vy = NN\ o=V VD
Q;_ +
JJ_FD—-N‘NJ\'- +
b Na,
3458 NN

> Tne non-inverting  surammg  amplpler shown i abowe 9"
— The 1 p woltager NiwVas V3 o1g fed 1o the nop - \nve ¥ 1ing Xe ¥ woir
The w::l"rokqﬁ ot non- lﬁufﬁrhhq tlp d4evrawmal R Vg
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Anstvumertotion Amplijrer e
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| put with the help of a device calied Tramsducey.

',m-mn Cifﬁp\l-ht?u’ R

| =% The requwe,mema o) an ﬂﬂﬂd

| Themdime a sPe.cm\ orn

5 A troneducey w o device which convexts one {ormM o
energy wilo onoihey JOTM of enevay: By Wie 1o phone.
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Waveform Generators

A waveform generator is an electronic circuit, which generates a standard wave. There
are two types of op-amp based waveform generators —

m  Square wave generator

®  Triangular wave generator

This chapter discusses each of these op-amp based waveform generators in detail.

Square Wave Generator

A square wave generator is an electronic circuit which generates square wave. This
section discusses about op-amp based square wave generators.

The circuit diagram of a op-amp based square wave generator is shown in the following
figure

R1

AV




Observe that in the circuit diagram shown above, the resistor R; is connected between

the inverting input terminal of the op-amp and its output of op-amp. So, the resistor R;
is used in the negative feedback. Similarly, the resistor R, is connected between the

noninverting input terminal of the op-amp and its output. So, the resistor R2 is used in

the positive feedback path.

A capacitor C is connected between the inverting input terminal of the op-amp and
ground. So, the voltage across capacitor C will be the input voltage at this inverting
terminal of op-amp. Similarly, a resistor R3 is connected between the non-inverting
input terminal of the op-amp and ground. So, the voltage across resistor 1?3 will be
the input voltage at this non-inverting terminal of the op-amp.

The operation of a square wave generator is explained below —

m Assume, there is no charge stored in the capacitor initially. Then, the voltage
present at the inverting terminal of the op-amp is zero volts. But, there is some
offset voltage at non-inverting terminal of op-amp. Due to this, the value present
at the output of above circuit will be +V,;.

®  Now, the capacitor C starts charging through a resistor R;. The value present at
the output of the above circuit will change to —V,,:, when the voltage across the

capacitor C reaches just greater than the voltage (positive value) across resistor
R;.

m The capacitor C starts discharging through a resistor R;, when the output of
above circuit is —V,,;. The value present at the output of above circuit will
change to +V.u,when the voltage across capacitor C reaches just less than
(more negative) the voltage (negative value) across resistor Rj.

Thus, the circuit shown in the above diagram will produce a square wave at the output
as shown in the following figure —

Vo A Output Signal
+Vsat

'VSat "




From the above figure we can observe that the output of square wave generator will
have one of the two values: +Vgq: and —Viar. So, the output remains at one value for
some duration and then transitions to another value and remains there for some
duration. In this way, it continues.

Triangular Wave Generator

A triangular wave generator is an electronic circuit, which generates a triangular wave.
The block diagram of a triangular wave generator is shown in the following figure —

Square Wave Triangular
I Integrator —_—

Generator Wave

The block diagram of a triangular wave generator contains mainly two blocks: a square
wave generator and an integrator. These two blocks are cascaded. That means, the
output of square wave generator is applied as an input of integrator. Note that the
integration of a square wave is nothing but a triangular wave.

The circuit diagram of an op-amp based triangular wave generator is shown in the
following figure —

n

=
gp

Ve e =

We have already seen the circuit diagrams of a square wave generator and an integrator.
Observe that we got the above circuit diagram of an op-amp based triangular wave
generator by replacing the blocks with the respective circuit diagrams in the block
diagram of a triangular wave generator.
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